Abstract: Congestion in metro trains and stations during peak hours is one of the major challenge being faced by the metro train operators. The metro trains and stations typically remain very crowded during the peak hours and relatively empty during the non peak hours. An optimum combination of demand and supply side measures may be effective to ease out peak hour congestion inside the metro trains. However, the first step is to assess the congestion in quantifiable terms so that the efficacy of demand and supply management measures may be assessed objectively. This paper discusses the concepts of congestion at walkway & Platform of station and inside the trains. The concept of Level of Service (LOS) to define the congestion has been presented. The LOS for walkway and platform has been defined on the basis of Fruin's model. The present LOS in F Block of Rajiv Chowk Metro station of Delhi Metro in India at different point of time in a day has been observed on the basis of CCTV images. The present LOS at one of the busiest Platform of Rajiv Chowk metro station has also been assessed using the CCTV images. The criteria for LOS inside metro trains has been developed and the LOS inside the train has been assessed for a controlled number of users inside the trains. It has been observed that the congestion inside train is the most critical which requires to be addressed while adopting the demand and supply measure tools. The LOS at the busiest platform, Walkway and inside trains at Rajiv Chowk station of yellow line (Busiest line) of Delhi Metro in India are found to be C, D & E respectively. Since LOS is the worst inside trains, any criteria to ease congestion during peak hour should be focused on improving LOS inside the trains. The metro train operators should aspire to achieve an LOS of D inside the trains.
Introduction
A condition of more number of users than the desirable level, which causes inconvenience to the users, is termed as congestion. In simple words, congestion is a condition of overcrowding, the extent may differ. In context of urban rail transport system, the passengers may feel congestion at the station and inside the trains due to overcrowding. The congestion results into inconvenience to the passengers, slower speed of movement, poor ventilation conditions (in enclosed space like train). In urban rail transport systems, the congestion needs to be monitored at following locations: a) inside trains; b) at station (in walkway or at platform).
Once level of congestion is known, the next step is to take suitable measures to ease the congestion. The measures like increasing train frequency, number of cars per train, speed of the trains etc are termed as supply side measures as capacity offered is being increased to address the congestion. The measures to control or level the demand like higher fares during peak hours, congestion pricing, staggered office timing etc are called demand side measures (Broaddus et al., 2009; Hale and Charles, 2009 ). An optimum combination of supply and demand side measures to ease congestion may be quite effective. To assess the efficacy of any measure(s), it is important to objectively assess the congestion. The Level of Service (LOS) concept is widely used to define congestion in transport sector.
Level of Service (LOS)
Traditionally, the use of level of service (LOS) has been one of the most popular measures of traffic congestion (Henn et al., 2010) . The LOS concept as adopted in the 1985 Highway Capacity Manual represents (Aftabuzzaman, 2007) , a range of operating conditions. Six LOS letters are defined by HCM, namely A, B, C, D, E, and F, where A denote the best quality of service and F denote the worst. Level of service (LOS) is a qualitative measure used to relate the quality of traffic service. LOS is used to analyze highways by categorizing traffic flow and assigning quality levels of traffic based on performance measure like speed, density, etc. The concept of LOS can also be used to define quality of service at critical locations of a transit system like walkway, concourse, platform and inside trains. The primary measure of effectiveness for defining pedestrian level of service is the average space available to each pedestrian. The level of service for a pedestrian waiting area is based not only on space but also the degree of mobility allowed. In dense standing crowds, there is little room to move, but limited circulation is possible as the average space per pedestrian increases.
Level-of-service descriptions for passenger waiting areas have been developed based on average pedestrian space, personal comfort, and degrees of internal mobility. The standards are presented in terms of average area per person and average interpersonal space (distance between people).
The level of service required for waiting within a facility is a function of the amount of time spent waiting and the number of people waiting. Typically, the longer the wait, the greater the space per person required. Also, the required space per person may vary over time. For example, those waiting in the beginning will want a certain amount of space initially, but will be willing to accept less space as additional people arrive later.
A person's acceptance of close interpersonal spacing will also depend on the characteristics of the population, the weather conditions, and the type of facility. For example, commuters may be willing to accept higher levels or longer periods of crowding than intercity and recreational travelers.
About Delhi Metro Rail Corporation
Delhi Metro Rail Corporation (DMRC) was incorporated in 1998 to construct, operate and maintain Metrorail services in Delhi, the capital city of India. Till date, DMRC has 212.5 km network with 160 stations, commuting 2.7 million passengers a day, maximum being 3.0 million. In DMRC, the peak hour demand (mornings & evenings) on weekdays is around 70% higher than the non peak hour demand. Like any other metro systems of major cities of the world, DMRC is grappling with the problem of extreme congestion especially in peak hours. The present network of DMRC is shown in Exhibit 1.
Level of Service in Walkway at Station
The LOS at walkway at station has been defined in Chapter 3 of Transit Service and Quality of Service Manual-2nd Edition, TR B (Roess et al., 1985a) on "Passenger Circulation and Level of service' defines the LOS for walkways, circulating areas and waiting areas using Fruin Principle 7 of Level of service. 
Observations of LOS in F Block of Rajiv Chowk Metro station of Delhi Metro, India
The LOS at different times of the day has been observed in F Block of Rajiv Chowk metro station as F block is one of the most crowded walkway of Delhi Metro system in India. The CCTV footages of a day (Feb 24, 2014) for F Block as shown in Fig. 2 have been used to assess the number of passengers per sqm and the walking speed of the passengers in the predefined area.
The observed LOS at different point of time in morning hours are presented in Table 2 . The detailed calculation of LOS in F Block of Rajiv Chowk Metro station is presented at Annex A. 
LOS Observation at Rajiv Chowk Metro Station
Evidently, the LOS is gradually reducing from A to C from 8 AM to 10 AM as rush is building up in the morning peak hours. The lowest LOS C has been observed at around 9:55 AM which is the morning peak hour.
LOS at Platform Level
The waiting time at platform level is usually low as trains are available at a close headway (an average headway of 3 mins in Delhi Metro). The passengers are willing to accept more congestion while waiting for the train. The LOS at platform of a station has been defined in Chapter 4 of Transit Service and Quality of Service Manual-2nd Edition on "Station elements and their capacities' (Roess et al., 1985b) . It defines the LOS for waiting areas using Fruin Principle (Fruin, 1987) of Level of service as presented in Table 3 . Table 3 LOS at Platform Level (Fruin, 1987) 
D
Standing without touching is impossible; circulation is severely restricted within the queue and forward movement is only possible as a group; long-term waiting at this density is discomforting.
1.43-3.33
E
Standing in physical contact with others is unavoidable; circulation within the queue is not possible; queuing at this density can only be sustained for a short period without serious discomfort.
3.33-5

F
Virtually all persons within the queue are standing in direct physical contact with others; this density is extremely discomforting; no movement is possible within the queue; the potential for pushing and panic exists. 
Observation of Level of Service at Platform
The level of service at a platform of Rajiv Chowk Metro station, Delhi Metro, India has been observed for evening peak hours for three conditions; just before arrival of the train, at the time of arrival of train, just after dispatch of train for a particular day (April 21, 2014) using CCTV footage as shown in Fig. 3 . The detailed assessment of LOS is presented at Annex B. Fig. 3 .
Observed Area LOS A after departure of train LOS C (Before arrival of train) LOS D (with train at PF)
Observation of LOS at Rajiv Chowk Platform
Evidently, the LOS is minimum (D) when train is at platform and boarding & alighting passengers jostle for space at platform.
Level of Service Inside the Trains
In general, the congestion inside the trains is defined on the basis of passengers per sqm. The higher the number of passengers per sqm, the higher the level of congestion inside the trains.
The congestion in some of the metro system is defined in Table 4 as under: 
Level of Service Inside Metro Trains
In this study, an attempt has been made to define the congestion inside trains on the basis of level of service. The passengers are willing to accept a higher level of crowding inside the enclosed space. However, the acceptability of level of congestion also depends upon the travelling time. The passengers would not like to travel in congested train for longer distances/time. However, the commuters, who travel to their work place for a short period of time (say < 60 min) may be willing to travel in comparatively congested trains also. On the basis of perceived willingness to travel, the proposed criteria of LOS for inside the trains has been presented in Table 5 : 
Observation of LOS Inside the Trains
The Level of service inside the train has been observed for a controlled number of users inside the trains. The following methodology has been used to measure level of service inside a metro train:
• The experiment was conducted in a train depot, where trains are parked for maintenance, on January 2, 2014. • The number of users inside the car of the train are progressively increased to achieve 2, 3, 4, 5, 6 passengers /sqm as shown in Table C2 in Annex C.
• The LOS inside metro trains is assessed on the basis of proposed criteria in Table  3 .
• The photographs for each LOS (except LOS F) have been taken from CCTV images and presented in Fig. 5. • The congestion for LOS F couldn't be observed as total number of users were less than 330.
The CCTV snap shots for different level of services inside the train are shown in Fig. 5 . Fig. 5 .
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LOS Inside Metro Train
Level of Service (LOS) inside trains of Delhi Metro
The LOS inside trains has been computed on the basis of criteria explained above for different lines of DMRC as presented in Table 6 . The peak hour per direction traffic (PHPDT) i.e the passenger load in peak hour of the day has been considered to compute the pax/sqm inside the trains. The details of estimation of LOS are available at Annex C.
Evidently, the LOS is lowest in case of Line 2 (Jahangir puri to Huda City Center) which is considered to be the busiest line of Delhi Metro. 
Analysis of Results
The Level of service has been assessed at three critical locations at Rajiv Chowk Metro station of Delhi Metro, India during peak hours using the criteria discussed above.
The results are presented in Table 7 as under: 
Inside Train
Proposed Criteria (Table 3) 8 AM to 10 AM E Worst LOS observed during morning peak
The LOS at different locations has been presented graphically in Fig. 6 as under:
Fig. 6. LOS at Different Locations, Rajiv Chowk Metro Station, DMRC, India
The following observations can be made from the above analysis:
• The LOS is progressively decreasing from walkway to Platform. There are 4 walkways at Rajiv Chowk Metro station and passengers from all walkways converge at Platforms causing more congestion at platform in comparison with walkways.
• At platform, the LOS is worst when the train is at platform and arriving & departing passengers jostle for the space.
• The Level of service is worst (E) inside the train due to heavy crowding and enclosed space.
• The objective of the any attempt to ease peak hour congestion should be to improve LOS inside the trains. Any intervention to reduce congestion inside trains would eventually help in easing congestion at platform as well as walkway. For example, if number of trains per hour (frequenc y) is enhanced, the clearance of passengers from platform and walkway would be better and congestion will be reduced at platform as well as walkway.
Strategies to Ease Congestion Inside Metro Trains
Having assessed the congestion inside metro trains using LOS concept, the next step is to ease congestion by deploying suitable measures. The congestion can be eased broadly by two ways-increasing supply called supply side measures, controlling demand called demand side measures. The following supply and demand side measures can be adopted to ease congestion inside metro trains during peak hours: The above list of supply and demand side measures is not exhaustive but is illustrative in nature. The operational capacity of Delhi Metro trains has been defined as 6 pax/sqm. Keeping this as benchmark, the LOS of D shall be the target to be achieved by deploying an optimum combination of supply and demand management (Button, 1983; TRL, 2004) measures.
Conclusion
The congestion in the metro rail system especially during peak hours is being faced by most of the metro systems in the major cities of the world. The strategy to ease peak hour congestion shall focus on some objective method of assessing the congestion in metro rail area and adopting effective measures to ease congestion. 
C. Measurement of Level of Service Inside Metro Train
There are three types of cars in a train:
• DT-Driving Car having driver's cab;
• M-Motor car having traction motor;
• T-Trailing car having other equipment.
The standing and sitting capacity of RS1 type rolling stock of Delhi Metro is as under Table C1 : 
C. Assessment of Level of Service Inside Trains for Different Lines of DMRC
On the basis of proposed criteria of assessment of LOS in Table 4 , the LOS has been assessed across different lines of Delhi Metro, India as presented in Table C3 . 
